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PREFACE

The Evaluation of Simulation Procedures for
High Intensity Noiee Fields has been conducted
under Contract No. NAS1-6906 with the NASA Langley
Research Center. The program has included an ex-
perimental study of the interaction between model
structures and sound fields. The results of these
studies have been applied to the evaluation of
simulation facilities. The project has been con-
ducted under the general guidance of Dr. Robert
W. Benson. Mr. S. H. Pearsall and Mr. W. M.
Stafford contributed to the experimental program
with the technical assistance of Mr. J. Holladay.
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ABSTRACT

An experimental program has been con-
ducted to determine those aspects of a sound
field which correlate with motion of a structure
excited at one of its modes of vibration. It
has been demonstrated that the forcing function
for a structure is the instantaneous differen-
tial pressure existing across the structure. A
measurement of pressure gradient or particle
velocity as vector quantities therefore corre-
lates with the observed motion. Actual sound
fields surrounding typical high intensity noise
sources are not described in a manner which
allows for a direct evaluation of all simula-
tion facilities. Most facilities require
additional measurements in order to determine
their adequacy.
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EVALUATION OF SIMULATION PROCEDURES
FOR HIGH INTENSITY NOISE FIELDS

I. INTRODUCTION

The dynamic excitation of mechanical structures results
in failure of the structure at stress levels which are low
compared to the static strength of the material providing the
number of cycles of excitation is large. This particular type
of failure of a structure is referred to as fatigue failure.
Although direct excitation of a structure is a dominant cause
of fatigue failure, acoustically induced vibration is also a
cause of fatigue failure especially in jet powered aircraft
and rocket powered missiles. Fatigue failure induced by
acoustic energy is referred to as sonic fatigue. Since the
acoustic energy is large at relatively high frequencies, a
large number of cycles can occur in a short period of time,
causing fatigue failure at relatively low stress levels.

A second problem associated with acoustically induced
vibration is concerned with the malfunction of both electronic
and electromechanical assemblies used within aircraft and
missiles. In this particular case the induced vibration
causes extraneous signals to exist within the equipment re-
sulting in a malfunction of a particular system or assembly.
There is a need to evaluate both sub-system assemblies and
actual structures used in aircraft and missiles to determine
their susceptibility to high intensity noise.

Considerable experience has been derived from the testing
of structures and assemblies subjected to vibration caused by
direct mechanical excitation. These tests consist of both
single frequency and random noise type excitation. For vibra-
tion testing, the assembly or structure is subjected to mechan-
ical excitation in each of three orthogonal directions. The
testing of an assembly of structure subjected to acoustic ex-
citation involves the placement of the object within an acous-
tic field which simulates the environment to which the object
is exposed under actual conditions.
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Several factors have influenced the nature of the facility
used for the study of acoustically induced wibration. The
actual sound field for various parts of the structure of air-
craft and missiles has been measured extensively.l

The measurements indicate sound pressure levels in excess
of 140 decibels with energy distributed throughout the audio-
frequency spectrum. The first requirement for a simulation
facility is therefore a sound field having a sound pressure
level of 140 decibels with a broad frequency spectrum. In
order to avoid an exact duplication of the actual sound field
using full scale sources, methods of creating high sound pres-
sures with small amounts of input power have been used. The
reverberation room is an example of a facility which has been
used extensively for sonic testing where high sound pressure
levels are created by the multiple reflection of sound energy
from the surfaces of the enclosure.

The use of sound energy to study the mechanical excita-
tion of structures is considerably more complex than the study
of human reaction to a sound field. Until the sound intensities
reached those levels produced by jet engines, the major interest
in high intensity noise was the effect of the noise on hearingf
For these studies, the simulation of the pressure aspects of a
sound field have been thought to be sufficient. For the study
of mechanical excitation by sound waves, it is necessary to
give consideration to the exact nature of the sound field
since energy must be transferred by the sound field to the
structure if damage is to occur.

The present study has been concerned with the measure-
ment of the response of model structures to sound fields
where various aspects of the sound field could be varied in a
controlled manner. The objective has been to determine that
aspect of the sound field which correlates with motion of a
structure. A further objective of the program has been to
determine those limitations, if any, which are imposed by

1 von Gierke, H. E., "Physical Characteristics of Air-
craft Noise Sources," The Journal of the Acoustical Society
of America, 25, 367 (May 1953).



various types of simulation facilities used for the study of
sonic fatigue.

II. THE SOUND FIELD

The description of a sound field requires a definition
of particle displacement, velocity and acceleration as well
as pressure, all as a function of time. The energy in the
sound field propagates in the form of a longitudinal wave for
which the particle motion is in the direction of the propagation
of energy. The wave may propagate as a straight line (a
plane wave) or it may spread out from a point or line source
resulting in spherical or cylindrical waves. The waves are
subject to scattering and diffraction as well as to the com-
bination of wave systems leading to interference.

When dealing with the transfer of energy from a sound
field to a mechanical structure which is immersed in the sound
field it is necessary to examine those particular aspects of
the field which can result in the transfer of energy. If we
consider the simplest case where the disturbance takes place
in a single direction, a plane wave, and the wave propagates
in the x direction, we may derive those equations which indi-
cate the conveyance of energy by the sound wave. If f denotes
the displacement of the particle of the medium from its orig-
inal position and It the corresponding di%placement velocity,
then the displacement per unit length is #% commonly called
the linear strain. If the medium is completely elastic, then
the stress or pressure is proportional to strain

X=X %%
where Y is the elasticity for the medium and X is the force
pPer unit area.

From elementary mechanics the product of stress and
displacement velocity is the rate at which energy is trans-
ferred by the wave at the point x. The power per unit area
is therefore:
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The power therefore varies in both time and space, and is
completely specified providing the displacement of the particle
is defined for x and t as a function of space. It is further
noted that the displacement has both magnitude and direction.

The power conveyed in an acoustic wave is dependent upon
two factors with appropriate constants. These factors are
the change of displacement with respect to space and the
change of displacement with respect to time. Although the pres-
sure may be derived from the above, it is related directly by
the elasticity of the medium.

The excitation of a mechanical structure immersed in a
sound field implies that the structure converts the acoustic
energy into mechanical energy by an interaction of the struc-
ture with the sound field. The exact means of energy transfer
is dependent upon the mode of vibration of the structure and
its relationship to the space and time rates of change of dis-
placement of particles of the medium.

Unfor tunately, instrumentation is not available which
allows for the direct measurement of the energy conveyed in
an acoustic wave nor is it possible to measure directly the
energy extracted from a wave by a particular structure. The
single instrument which is readily available for accurate
measurements of the sound field is the pressure sensitive micro-
phone. This particular transducer allows for a measurement of
the temporal variation of the pressure at a given location in
the sound field. With the simultaneous use of two pressure
sensitive elements, it is possible to measure the relative time

histories at two locations in space and deduce from these measure-

ments, the direction of propagation as well as the magnitude of
the sound wave.

Before attempting to define those particular aspects of
a sound field which should be measured, a useful facility is
available which allows for the variation of particular aspects
of the sound field in an independent manner. An acoustic tube,
commonly used for the measurement of the acoustic impedance of
various materials, allows for the propagation of sound energy
for which the pressure within the tube may be varied with re-
lation to the particle displacement by the superposition of two
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waves, one propagating in each direction within the tube. The
flow of energy can further be varied by controlling the rela-
tionship between the energy propagating down the tube to that
fraction of energy reflected back up the tube. A series of
experiments have therefore been conducted using plane waves
within an acoustic tube to determine those aspects of a sound
wave which cause motion of various types of structures.

ITI. EXPERIMENTAL PROGRAM

The experimental program was designed to study the motion
of several types of structures when subjected to a sound field
in which the pressure and pressure gradient could be varied in-
dependently. The experimental facility consisted of an acoustic
tube as illustrated in Figure 1. The tube has a cross section
which is 6 inches square and a length of 25 feet. These dimen-
sions were chosen to allow for acoustical measurements between
100 and 500 cycles per second. Furthermore, samples could be
designed having resonant frequencies within this range and
having thicknesses up to 0.1l inches. It was desirable to have
sufficient sample thickness in order to avoid structures which
would be simple resonant membranes.

For most experiments, the sample was inserted in the
tube at a distance of approximately 10 feet from the distal end
of the tube. The termination was a hard 1 inch thickness of
lucite provided with a rubber gasket around its periphery. The
behavior of the tube was tested with this termination and it was
found that a standing wave ratio of at least 30 decibels was
possible for frequencies ranging from 100 to 500 cps. The
termination could be moved to any location from the end of the
tube up to the sample over a range of 10 feet. For the lowest
frequency the termination could be moved at least two half
wave lengths. As the termination was moved, the standing wave
pattern within the tube could be caused to move and thus vary
the pressure and pressure gradient at the location of the sample.

For each sample that was chosen for study, the standing
wave pattern within the tube was explored to assure that the
presence of the sample did not markedly alter the sound field.
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In general, the sample dimensions were held to 1 by 5 inches
with the thickness and mounting being varied to cause different
resonant frequencies and modes of vibration. Under these con-
ditions, it was impossible to detect a change in the pressure
distribution within the tube due to the presence of the sample.
At the beginning of the experimental program, the instrumenta-
tion for the acoustic tube consisted of two pressure sensitive
probe microphones. The first of the microphones was fixed at
the location of the sample to measure the pressure at the
sample. The second microphone was introduced at the souxce

end of the tube and could be moved to measure the pressure at
any location up to the position of the sample. The second probe
microphone could therefore measure the standing wave ratio and
the location of the nulls defining the distribution of pressure
within the tube. Both microphones were calibrated to allow for
an absolute measurement of sound pressure.

The first sample to be studied was that of a simple can-
tilever beam whose dimensions were 1 by 5 inches and 0.1 inch
thickness. The resonant frequency was computed and the actual
frequency was measured by shock excitation and an observance
of the frequency during the decay. The measured frequency was
within 5 per cent of the computed frequency. The sample was
then placed within the tube through a port located 10 feet
from the end of the tube. Considerable care had to be followed
for the isolation of the sample and its reference mass from
the tube structure to assure that the excitation of the sample
was due to acoustic enexrgy and not due to mechanically borne
vibration. A mass, several hundred times the mass of the sam-~
ple was used as a reference mass. The reference mass was iso-
lated from the main structure by the use of foam rubber.

Measurements were made of the sample vibration, the

sound pressure at the sample, the location of pressure nulls,
the standing wave ratio and pressure at both the points of
maximum and minimum pressure. These measurements were made as
a function of the location of the movable termination. When
the termination was moved down the tube it was possible to
establish various ratios between pressure and pressure gradient
at the location of the sample. It was further possible to
operate the tube at various power levels so that the net power
flow down the tube could be controlled. 1In addition, it was
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possible to vary the impedance of the termination so that the
ratio between pressure and pressure gradient could be varied.

The first observations consisted of measuring the pressure
at the sample and the sample motion for various locations of a
hard termination of the tube. The motion of the sample was de-
tected by a frequency modulated capacitance probe for which the
output is proportional to the displacement of the sample. As
the termination was moved with respect to the sample, the
pressure varied in an essentially sinusoidal manner and the
displacement of the sample varied in a similar manner, but the
maximum sample displacement occurred for a minimum pressure and
the minimum displacement occurred for a maximum pressure. The
variation was not a smooth predictable function due to adverse
loading of the driving loudspeaker which was a function of the
length of the tube. Although various means of keeping constant
excitation were attempted, the most satisfactory procedure was
to maintain a constant maximum pressure in the tube. Under
these conditions, the pressure at the location of the sample
varied in a predictable fashion versus the location of the
hard termination. The motion of the sample varied in a similar
predictable manner but out of spatial phase with the pressure.
That is, the maximum motion occurred when the pressure was a
minimum and the minimum occurred when the pressure was a maximum.

A second problem was encountered in as much as the appa-
rent resonant frequency of the sample appeared to be unstable.
A Hewlett Packard oscillator was used to excite the tube and
its stability was confirmed by the use of a frequency monitor.
It was necessary to measure the frequency to 0.1l cycles per
second in order to note the variation in resonant frequency as
the termination location was varied. In order to determine
the actual frequency of the sample it was necessary to modify
the oscillator with a vernier capacitor to allow for this
small variation in frequency. The frequency of excitation was
varied to obtain a maximum motion of the sample for each loca-
tion of the termination. It was found that the apparent reso-
nant frequency varied by 0.8 cps out of 212 cycles per second.
Data was also taken of the sound pressure at the sample and
the sample motion while maintaining constant maximum sound
pressure in the tube and adjusting frequency for maximum sample
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motion. Under these conditions the sample motion was a smooth
function of the location of the termination with respect to the
sample.

Since it is possible to compute the pressure gradient, the
particle displacement and the particle velocity, when the pres-
sure variation within the tube is known, it is not necessary
to provide sensors for each of these functions. It is easily
shown that the particle velocity and the pressure gradient
follow a sinusoidal distribution, with a spatial shift of a
quarter of a wave length between these functions and the pres-
sure distribution within a standing wave tube. The motion of
a simple cantilever structure, therefore, responds in propor-
tion to either the pressure gradient or the particle velocity
within the tube. It was therefore illustrated that the motion
of a cantilever sample is in proportion to the pressure gradient
when the sample is normal to the direction of wave propagation
in a plane wave sound field.

It was interesting also to study the cause of the
apparent shift in frequency of the resonant sample, since if
this is possible under laboratory conditions, it is also possible
under actual conditions. The sample was placed within a cham-
ber that could be evacuated and the sample was caused to vi-
brate by driving the free end of the sample with an electro-
static probe. The motionof the sample was sensed with the
frequency modulated probe, whose output was amplified and fed
to the driving probe. The gain was sufficient to cause motion
of the sample at its resonant frequency. The frequency of the
sample was monitored and measured as a function of the atmos-
pheric pressure surrounding the sample. It was found that the
resonant frequency varied over the same range as was noted in
the acoustic tube. It is therefore apparent that the air load-
ing on the sample causes a shift in the resonant frequency of
the sample. When the adjacent particles are in phase with the
sample displacement, the sample acts as if it is in vacuum
and the resonant frequency shifts. It is therefore possible
to have a structure whose modes of vibration change under cer-
tain conditions of excitation.

Similar measurements of the motion of samples vibrating
in other modes were performed. The samples included fixed-
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fixed samples whose frequency of vibration is equivalent to a
free-free bar. This type of sample was chosen since it could be
incorporated within a frame for which the back could be left
open or it could be enclosed to effectively remove excitation
from the back of the structure. Several samples of each type
were studied where the thickness was varied so that measure-
ments could be made over the frequency range of 100 to 500
cycles per second. For all samples which were studied, the
sample motion was proportional to the pressure gradient or
particle velocity at the location of the sample. Since the
variation in pressure occurs one quarter wave length dis-
placed from the pressure gradient, the sample motion did not
correspond to pressure. It should be understood that the
measurements are made at the frequency of maximum motion of the
sample. Under these conditions, the sample exhibits a low
acoustic impedance, rather than a high acoustic impedance which
occurs at frequencies for which the sample exhibits little or
no motion. Even though a sample was chosen where the back of
the sample was sealed from the sound wave, the motion corres-
ponded to the spatial distribution of pressure gradient rather
than the pressure.

The samples which were fixed at both ends introduced new
problems in the observation of their behavior within the acous-
tic tube. The mounting was accomplished by laying the sample
on top of an aluminum box structure which has 1/4 inch thick
walls. The sample's length was identical to the length of the
box and the width was just sufficient so that there was a
small clearance between the sample and the sides of the box.
Clamping plates were placed above the sample on each end and
two screws were inserted through the clamping plates as
illustrated in Figure 2. This procedure provides a well de-
fined sample length. No attempt was made to apply tension to
the sample during assembly so that it would more closely
duplicate a typical structure.

When the sample was placed in the acoustic tube it was
found that the frequency of maximum motion was well defined at
small amplitudes of excitation but was poorly defined for large
amplitudes of motion. For large amplitude excitation it was
possible to increase the frequency near resonance and to con-
tinue to observe a larger amplitude of motion. Similarly,
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Figure 2. Diagram of Fixed-Fixed Sample with Back Enclosure
Illustraging Method of Clamping.
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with decreasing frequency the same observations were noted.
There was no apparent resonant frequency but a range of fre-
quencies. If a frequency within this range was selected and
the location of the termination of the tube was varied, a
similar behavior of the sample at constant frequency was ob-
served. These observations are illustrated in Figure 3.

It is noted that moving the termination toward the sample re-
sults in a different behavior than that obtained when moving
the termination away from the sample.

For large amplitude excitation it was possible to observe
the motion of the sample versus the location of the termination
or versus frequency. The amplitude suddenly increased as
indicated in the Figure so that it was obvious that there
was sample motion. Similarly, the amplitude of motion would
suddenly decrease which was also visible. Supplemental measure-
ments were made on similar samples for which a tension was
placed on the sample during the assembly procedure. When suf-
ficient tension was applied a single resonant frequency was ob-
tained. 1It, therefore, appears that the stiffness of the sam-
ple changes as a function of amplitude of vibration. For small
amplitudes the stiffness of the material in flexure near the
clamps dominates but for large amplitude motion the total stiff-
ness on the structure becomes important. For large amplitude
motion it is therefore possible to continue to find a more
favorable frequency as the amplitude of motion is either in-
creased or decreased. Since most aircraft exterior structures
are similarly constructed, this observation is of importance
when observing the acoustic excitation of structures. Similar
observations have been reported by Kirchman and Greenspan.2

Having established the fact that the motion of various
types of samples does not correspond to sound pressure, it
was desirable to determine whether the sample motion corresponds

2Kirchman,'E. J. and Greenspan, J. E., *"Nonlinear Response

of Aircraft Panels in Acoustic Noise,™ The Journal of the
Acoustical Society of America, 29, 854 (July 1957).
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directly in magnitude to the pressure gradient or particle vel-
ocity. Commercially available pressure gradient microphones

are limited to use in low intensity sound fields. Typical
commercial microphones become nonlinear at sound pressure levels
of 120 db in a plane progressive wave. The samples which were
selected for study required at least 120 db in order to have a
measureable displacement. It was therefore decided to develop

a pressure gradient microphone in a manner similar to those
pressure microphones which have been developed for high intensity
measurements.

A microphone was constructed as illustrated in Figure 4.
The sensitive element consists of an aluminum coated mylar
diaphragm which is stretched across a brass backplate having a
slightly conical section. The interior of the backplate is
removed, so that both sides of the diaphragm are exposed to the
sound field. For equal pressure on both sides of the diaphragm
there should be no motion, whereas when a pressure gradient
exists, the diaphragm should exhibit motion. The change in
capacitance between the aluminized diaphragm and the insulated
backplate causes a change in charge when the microphone is
electrostatically polarized.

Several versions of the pressure gradient microphone
were constructed until a mechanically stable structure was
obtained. The final version of the microphone is illws trated
in the Figure. Two types of measurements were performed on
the microphone, the first to determine its linearity and the
second to determine that the response was that of a pressure
gradient rather than a pressure microphone. At several fre-
quencies between 100 and 500 cycles per second the microphone
was placed within the acoustic tube and the termination was
moved to cause a maximum output of the microphone. This
occurred when the pressure at the microphone was a minimum and
the maximum pressure occurred one quarter wave length away. A
pressure microphone was placed at the pressure maximum, one
quarter wave length away, and the output of both the experi-
mental pressure gradient microphone and the pressure micro-
phone were recorded as a function of the excitation of the
acoustic tube. The output of the pressure gradient micro-
phone increased linearly with the excitation and with the out-
put of the pressure microphone to the maximum capability of the
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driver. This corresponded to pressure gradients equivalent

to sound pressure levels in excess of 150 decibels at all fre-
quencies between 100 and 500 cycles per second. The actual
particle velocity is computed to be approximately 150 cm

per second.

Although it had been clearly established that the output
of the pressure gradient microphone corresponded to pressure
gradient or particle velocity, additional observations were
made by moving the termination and observing the output of the
microphone with relation to the standing wave pattern within
the tube. These observations clearly indicated that the micro-
phone responds to pressure gradient or particle velocity which
is displaced by one quarter wave length from the pressure pat-
tern within the tube.

The next series of measurements was concerned with the
absolute magnitude of sample motion under varying conditions
within the acoustic tube compared to the motion which occurs
when the sample is subjected to a plane progressive wave under
free field conditions. Each sample was placed in free space
and excited at resonance by a loudspeaker. The motion of the
sample was measured and the output of the fixed pressure probe
and the pressure gradient microphone were recorded when the
two types of microphones were placed in the same orientation
with respect to the sample as would be used within the acoustic
tube. The sample, the fixed pressure probe microphone and the
pressure gradient microphone were then mounted within the acous-
tic tube.

The termination was set at the end of the tube and the
excitation of the tube was adjusted to obtain the same sample
vibrations as was obtained external to the tube under free field
conditions. A measurement of the pressure at the sample and
the pressure gradient were then obtained. The termination was
then successively moved to various positions within the tube,
resulting in a variation in pressure and pressure gradient at
the sample. For each position of the termination, the excita-
tion was readjusted to obtain constant motion of the sample.
For all conditions of the standing wave pattern, the pressure
gradient at the sample remained constant and at the value ob-
served under free field conditions. The pressure varied over




oo mTTT T

17

a 45 decibel range as depicted in Figure 5 for a cantilever
sample. It can be seen that the sample motion is independent
of the sound pressure at the sample. The maximum error com-
pared to free field conditions was 25 decibels. &Each of the
samples studied previously were subjected to the same measure-
ment procedure with comparable results. In each case the
pressure gradient microphone predicted the sample motion under
all conditions of the standing wave pattern within the tube
relative to the motion observed under free field conditions.
Furthermore, the pressure measurement indicated considerable
error for each of the samples. It is to be noted that these
observations are for samples subjected to plane waves for
which the sample is small enough that the disturbance of the
sound field is undetectable.

Within the small cross section of the tube, it is dif-
ficult to design samples whose geometry is comparable to that
used in actual structures without disturbing the sound field.
Although simple samples having various modes of vibration are
easily studied, it was felt that a more typical structural
section should be studied before reaching definite conclusions.

An additional series of measurements was performed on a
series of samples which fully obstructed the tube. For the
first exploratory measurements, samples were constructed of
sheet aluminum having various thicknesses and mounted in a
framework which fully closed the 6 by 6 inch cross section of
the tube. The samples were placed at the termination of the
tube with the back side exposed to free space.

Under these conditions, the resonant frequency of the
sample was determined by observing the motion of the center of
the sample as the frequency was varied. The acoustic impedance
of the sample was determined by measurements of the standing
wave pattern, both location of the nulls and the standing wave
ratio, for frequencies near and at the resonance of the sample.
These measurements indicated a sharp shift in impedance at
frequencies near the resonance of the sample. For frequencies
at which the sample exhibited little or no motion, the pres-
sure at the sample doubled and the impedance was equivalent to
a hard termination. It was impossible to interpret directly
the results of the measurements due to the fact that the edges
of the sample were fixed under all conditions. When the sample
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was vibrating, the impedance of the central portion of the
sample was extremely low and the edges was extremely high. The
result was that the wave front directly in front of the sample
was no longer plane but had considerable curvature as observed
with a probe microphone. It is clearly apparent that the im-
pedance of the portion of the sample which is free to vibrate
is extremely low and will not support a pressure.

In order to investigate further this type of sample, the
sample was placed ten feet from the end of the tube at the
same location as the smaller samples. The hard termination
was placed at the end of the tube and the excitation was ad-
Jjusted for maximum sample motion. As the termination was moved
relative to sample, the motion of the sample was caused to vary.
Under these conditions, that is at sample resonance, considerable
energy is transmitted through the sample to the tube beyond,
providing that the acoustical impedance at the sample as deter-
mined by the termination of the acoustic tube is low. This
condition occurs when the hard termination is at a distance from
the sample corresponding to odd multiples of a quarter of a
wave length.

In order to observe the cause of the sample motion under
these conditions, two pressure probe microphones wexre intro-
duced, one in front of and one directly behind the sample. The
magnitude of the pressure in front, the magnitude of the pres-
sure behind, the motion of the sample, and the phasor sum of
the pressure in front of and behind the sample were recorded
as a function of the distance between the sample and the haxrd
termination. The results of these measurements for an alum-
inum sample whose thickness was 0.02 inch are given in Figure
6. It is first noted that the phasor sum of the pressure on
the two sides of the sample varies in proportion to the sample
motion. The pressure immediately in front of the sample, on
the source side, does not vary in propation to the sample
motion. Furthermore, it is seen that under certain conditions,
the pressure behind the sample dominates in causing the sample
motion.

For samples vibrating in their fundamental mode, that
is, where all parts move in the same direction at the same
instant, the motion is dependent upon the instantaneous pressure
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Figure ¢. The Incident Pressure, P}, the Difference
in Pressure Across the Sample and the Sample Displacement
as a Function of Distance to the Termination of the Tube.
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differential across the sample and independent of the pressure
directly in front of the sample. Under these conditions the
sound field is altered by the sample and the location of the
termination behind the sample. It is therefore impossible to
measure the sound field before the sample is inserted to detex-
mine the response that will be measured.

Even though the sample alters the sound field within the
acoustic tube, it is of interest to measure the pressure gradient
immediately in front of and on the source side of the sample.

The pressure gradient microphone which was constructed was placed
near the center of the sample and the output was measured along
with sample motion for various positions of the termination.

It should be understood that the pressure gradient microphone
may also be considered to be a particle velocity microphone

and it is not surprising that the particle velocity immediately
in front of the sample corresponds to sample motion. A graph
showing the particle velocity and the sample motion for various
locations of the termination are shown in Figure 7. It should
again be noted that these measurements are performed at the
frequency for which the sample exhibits a maximum motion and

the acoustical impedance of the central portion of the sample

is extremely low. TFor this experiment it is further noted

that the waves immediately in front of the sample are no longer
plane and are distorted due to the fact that the edges of the
sample are fixed and the center of the sample is free to vibrate.
It is further noted that if the sample is excited at a frequency
for which little motion is observed then the pressure doubles ‘
at the sample corresponding to a hard termination and the par-
ticle velocity is extremely low. Even under this condition the
sample motion corresponds to particle velocity rather than the
pressure.

Since all of the measurements performed thus far indicate
that the various types of samples respond to the pressure grad-
ient it was decided to perform some measurements under free
field conditions which might further substantiate these findings.
It is known that the pressure gradient and particle velocity
exhibit directional properties for which their magnitude is
a maximum in the direction of propagation of the sound wave.
Furthermore, a minimum should exist perpendicular to the direc-
tion of propagation. The same rectangular samples clamped
around their edges were subjected to a free sound field created
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Figure 7. Particle Velocity Immediately in Front of a 6" x 6™ 21
Square Sample. Sample Motion and Differential Pressure Across
the Sample are in Agreement with Particle Velocity.,.
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by a loud speaker. The pressure gradient microphones were
located at the position of the sample and the output of both
microphones and the motion of the sample were recorded versus
the orientation of the sample with respect to the direction of
propagation of the sound wave. For constant excitation of the
loud speaker the sound pressure at the location of the sample
remains constant. The output of the pressure gradient micro-
phone is typical of a bi-directional microphone, that is, a
cosine function, having a null when the microphone is oriented
at 90° with respect to the direction of propagation. Similarly,
the motion of the sample follows a bi-directional pattern with
a minimum motion occurring when the sample is oriented 90° to
the direction of propagation. For this particular experiment
the resonant frequency corresponded to a wave length which was
much larger than the dimensions of the sample. It is, of course,
possible to produce various types of patterns depending upon
the relationship between wave length and sample size and also
dependent upon the particular mode of vibration of the sample.
This type of experiment further substantiates the fact that it
is necessary to define the directional properties of the sound
field in order to predict the motion of a mechanical structure.

During the experimental program no attempt was made to
produce fatigue failure of samples. It has been assumed that
for a sample to fail by fatigue it is necessary to produce mo-
tion of the sample. All of the experiments have therefore
been conducted on a basis of relating the motion of the sample
to the sound field rather than an actual study of acoustic
fatigue. A second restriction on the experiments is concerned
with the use of single frequencies for which each sample ex-
hibits motion. Under actual conditions the source is most
likely to be a random noise rather than a single frequency.
The use of random noise would complicate the interpretation of
the results which have been obtained for this particular study.

All of the experiments which have been performed during
this program have resulted in a correlation betwen either
pressure gradient or particle velocity and the motion of the
sample when the excitation is restricted to plane sound waves
at single frequencies. The absolute magnitude of the sample
motion under varying conditions of standing wave patterns.
correspond to the sample motion which is produced under free
field conditions. A measurement of sound pressure rather than
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pressure gradient results in large discrepancies between the
free field sound pressure and that obtained within the standing
wave tube for constant sample motion. These discrepancies

are presumably due to the fact that the sample has an equivalent
acoustical impedance which is low at frequencies for which the
sample exhibits motion. For frequencies at which samples ex-
hibit small motion the particle velocity immediately in front
of the sample still corresponds to sample motion. Although it
is impossible to separate pressure gradient and particle velo-
city, it is assumed that the forcing function for a sample is
the instantaneous pressure differential across a sample. In
cases where it is inconvenient to measure the pressure dif-
ferential, the particle velocity immediately adjacent to the
sample corresponds to sample motion. Further experiments under
free field conditions indicate that the sample motion is de-
pendent upon the orientation of the sample with respect to the
direction of propagation of the sound wave. It is therefore
the conclusion of these experiments that it is necessary to
measure the directional aspects of a sound field in order to
determine whether or not the sound field simulates another
sound field for the purposes of studying acoustic fatigue.

As with pressure measurements it may be necessary in certain
types of simulation facilities to measure the pressure gradient
or particle velocity with the structure present since it is
likely that there may be some interaction between the structure
and the sound field.

IV. RANDOM NOISE EXCITATION

During the experimental program it was possible to observe
the resonant characteristics of various types of structures.
In general, the measurements were performed at the frequency
for which maximum sample motion existed. 1In order to tune the
oscillator to the exact frequency of a given mode of vibration,
it was necessary to modify a commercial oscillator with a
vernier capacitor in order to allow for setting the oscillator
at the sample frequency. This is indicative of the high Q of
the samples showing that the bandwidth is extremely narrow.
It is therefore anticipated that the motion of a sample is
highly dependent upon the time history of the excitation. For
plane wave random noise excitation the sample's motion will
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correspond closely to that of a highly selective filtering
system. For a sound field in which the incidence of the sound
energy varies with time, a further effect on the sample motion
should be noted since it is the component of the sound field

which is normal to the sample which provides the excita-
tiono

It should be noted that the directional characteristics of
the sound field are selective in the sense that the motion of
a sample is a function of the orientation of the sample with
respect to the sound field. The further selectivity of the
sample due to its high mechanical Q indicates that the behavior
of the sample for random excitation will be a function of the
randomness of the direction of propagation.aswell as the time
history of the amplitude variation. In assessing a sound field,
consideration must be given to the nature of the sound source
with respect to directional characteristics '‘as well as the fre-
quency distribution of the sound energy.

V. SIMULATION FACILITIES

The second objective of the present program was to assess
simulation facilities with respect to the findings of the ex-
perimental program. The literature describes a number of
facilities which are currently in use for acoustic fatigue
studies. Further information is given describing the actual
sound fields which are found for both aircraft and missiles.
In order to assess the simulation facilities, it is necessary
to compare the actual sound field to that produced within the
simulation facilities. ¥For this reason the actual sound field
will be discussed first.

A review of the literature shows that numerous studies have
been made of the noise field surrounding both jet and rocket
engines. The objective of these studies have ranged from the
problem of annoyance of people to the actual mechanical fatigue
of the aircraft structure. During 1952 a Symposium3 held at

3Aircraft Noise Symposium, San Diego Meeting of the

Acoustical Society of America, November, 1952.
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the acoustical Society meeting in San Diego described the
aircraft noise problem. This Symposium on aircraft noise de-
fined the problem as the effect of noise upon people. No men-
tion of adverse effects of structures was noted. The papers
presented at this Symposium and other papers appearing at this
time described the noise field about various jet engines which
are of use in the present problem.

The observations of von Gierke? were concerned with the
total acoustic power radiated by a jet noise source. The
reported measurements were concerned with radiation patterns
as well as the frequency distribution of noise. Hubbard and
Lassiter® presented experimental information concerning the
location of the apparent noise source for a jet engine. Other
papers were concerned with the control of these noise sources
and the isolation of the sources from personnel.

Additional papers presented by both the Air Force and Navy
give considerable information concerning the sound field sur-
rounding a jet engine. For example, Kennard® presents infor-
mation of the overall sound pressure level in the near vicinity
of a twin engined jet aircraft. The information presented
indicates that the dominant sound source exists at a location
several diameters behind the jet engine. The contours of con-
stant sound pressure level indicate that the sound source is
complex and the direction of wave propagation in the vicinity
of the actual aircraft structure varies markedly along the

4yon Gierke, H. E., "Physical Characteristics of Air-
craft Noise Sources,™ The Journal of the Acoustical Society
of America, 25, 367 (May 1953).

5Hubbard, H. H. and Lassiter, L. W., "Experimental Studies

of Jet Noise,™ The Journal of the Acoustical Society of America,

25, 381 (May 1953).

6Kennard, D. C., Jr., ™Sonic Vibration as Exemplified by
the RB-66B Airplane,™ The Journal of the Acoustical Society of
America, 30, 462 (May 1958).
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structure. In this particular paper, relationships are es-
tablished between vibration levels and sound pressure levels
for various parts of the aircraft. The measurements are pre-
sented as a function of frequency indicating that the maximum
vibration occurs for frequencies ranging from 300 to 600 cycles
per second. Although no direct measurement is given in this
paper, it is apparent that the maximum vibration also occurs

at locations where the sound energy strikes the structure at
normal incidence.

Additional measurements performed under sponsorship of
the Navy indicate similar sound pressure levels and distri-
bution around aircraft as reported by Pietrasanta.’ These
measurements show the variation in radiation pattern surround-
ing a jet engine as a function of frequency., In commenting
on the problem of noise measurement around a jet aircraft,
Pietrasanta indicates that the noise field can be predicted
at distances from 75 to 200 feet from the aircraft, closer than
75 feet one encounters the Ynear field™ of the engine. Since
a large portion of the aircraft exists within the near field of
the noise source, it is these measurements that are of most im-
portance for acoustic fatigue.

Similar types of measurements have been made for rocket
engines. Mayes has reported measurements for rocket engines
in the near field which would be of importance for acoustic
fatigue studies. His measurements indicate that the direc-
tivity patterns vary markedly in the near vicinity of the sound
sources and that the apparent source exists at a considerable
distance behind the location of the rocket nozzle. It would
appear that extensive measurements have been made for both
Jjet and rocket engines which should provide sufficient infor-
mation to allow for the evaluation of the actual sound field.
All of the measurements which have been reported are based
upon the measurement of sound pressure level as a function of
frequency and as a function of orientation with respect to the
noise source. In general, the measurement is made for a fre-
quency bandwidth of one octave with the exception of some dis-
creet frequency measurements of components of the noise which

7pietrasanta, A. C., ™Noise Measurements Around Some
Jet Aircrafts,®™ The Journal of the Acoustical Society of
America, 28, 434 (May 1956).
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may be created by a compressor. A summary of the observations
that are made can be referenced to early measurements by von
Gierke. These early measurements were made in the near
vicinity of jet engines and accomplished by measuring the
sound pressure level in octave bands and for various orienta-
tions around the jet source. The two assumptions that were
made were that (1) the directivity patterns are rotationally
symmetrical and (2) the pressure measurements are made in the
far field which means that pressure and particle velocity are
nearly in phase. At the distances of concern, that is within
the near field of the engine, the second assumption is not
justified. The observations which are reported indicate that
the directivity of the sound source varies within the range of
interest and that the pressure and particle velocity are there-
fore not in phase.

The nature of simulation facilities has been influenced
greatly by the commercial companies which are capable of
supplying large amounts of acoustical power. The types of
facilities which are currently in use are of various types as
follows: (1) Actual full scale sound source consisting of
a jet engine instrumented for static testing or a turbulent
noise source as produced with a blow down air source and
appropriate nozzles or its use of a high powered siren. (2) A
plane wave tube which is driven by multiple loud speaker driver
units and is terminated in its characteristic impedance. (3)

A standing wave tube which is used primarily for the deter-
mination of microphone linearity. (4) A reverberation room
similar to those used for evaluating acoustical materials but
incorporating high powered loud speaker elements. A variation
is to use a siren or other noise source for excitation of the
room. (5) A reverberant box which is essentially a hard walled
chamber similar to a reverberation room but the dimensions are
small compared to a wave length over most of the frequency
range. (6) A low frequency chamber in which the input is pro-
vided by a large diameter hydraulic actuated piston.

Before discussing each of the above types of facilities
it is desirable to discuss the assumptions which are used for

the various types of facilities described above. For structures

which exist on the exterior part of the aircraft it is normally
assumed that the sound field is a free progressive field with

- e
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either a spherical or plane wave front. For structures which
are to be located internal to an aircraft or missile, it is
assumed that the sound field approaches that of a reverberant
sound field where the energy flow is random in direction as
well as amplitude. For exterior sound fields it should be
remembered that the literature reveals that most of the aircraft
or missile structure is in the near field of the sound source
and that the pressure and particle velocity are not neces-
sarily in phase. The directivity patterns and the decrease in
pressure versus distance indicates that this assumption is in-
valid over most of the structure. The literature further in-
dicates that the actual source of sound energy exists at a
considerable distance behind the exit nozzle so that the direc-
tion of propagation and thus the angle of incidence of the
energy for a given part of a structure is unknown.

For the internal sound field the measurements reported
are usually octave band measurements of the pressure throughout
a given compartment of the aircraft or missile. In general,
it is found that the sound pressure distribution is relatively
uniform throughout these compartments and it is therefore con-
cluded that the sound field is reverberant. It should be
pointed out that a similar observation would be made if the
sound field of a plane progressive wave is explored at rela-
tively large distances from the sound source. The walls of
the structure allow the sound energy to enter a compartment
due to their low transmission loss and it is likely that
energy flows out of, as well as into, the compartment through
the walls., It is to be understood that the energy transmitted
through the walls is frequency selective due to the fact that
the walls vibrate in specific modes so that their transmission
loss is low at selected frequencies and high at other frequencies.
Information relating to these specific properties can be ob-
tained from architectural acoustic studies® where such struc-
tures have been studied from the viewpoint of their use in
buildings. In the present study of the literature there

8watters, B. G., ™Transmission Loss of Some Masonry
Walls,®™ The Journal of the Acoustical Society of America,
31, 898 (July 1959).
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appears to be no supporting evidence that indicates that the
sound field within a compartment is reverberant other than the
indication of uniformity of the sound pressure field. The
dimensions of most compartments are small compared to the

wave length of sound which is felt to be detrimental in the
design of a space which should result in a reverberant field.

In order to discuss the various types of simulation facili-
ties listed above the assumption will be made that exterior
structures are exposed to progressive wave sound fields and
that the interior of the structures are exposed to a diffuse
reverberant field. During this discussion it should be
remembered that the evidence presentedin the literature
does not confirm these assumptions. However, it is apparent
that the users of simulation facilities have made similar
assumptions in the selection of their facilities.

The first type of simulation facility listed above con-
cerns the use of an actual jet engine noise source or an
equivalent. For this particular type of simulation facility
there is no question that the energy density and the flow of
energy do not duplicate that encountered under actual conditions.
The use of these facilities involves the determination of the
response of various types of panels or structures for various
orientations to the flow of acoustic energy. In general, this
type of facility is used for destructive tests where actual
acoustic fatigue takes place. There is no reason to believe
that additional types of acoustic measurements are required to
assure that this type of facility duplicates the actual sound
field.

The second type of simulation facility is that of the
plane progressive wave tube. A description of such a system
is given by Hilliard.? A long tube of restricted cross section

9Hilliard, John K. and Fiala, Walter T., *"Methods of Generat-
ing High-Intensity Sound with Loudspeakers for Environmental Test-
ing of Electronic Components Subjected to Jet and Missile Engine
Noise,™ J,A.S.A., 30, 533 (June 1958).
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is used to confine the flow of acoustic energy so that the
energy density is comparable to that in a free progressive
sound field. By restricting the cross section of the tube the
power requirement can be limited to that available by electro-
acoustical driving units. Computations by Hilliard indicate
that a plane wave tube with a two foot diameter and properly
terminated can produce energy densities comparable to that en-
countered in actual practice with an electrical power input

of 180 watts. The limitation of the plane wave tube is that
the structure or device to be tested must be limited to a size
which is sufficiently small compared to the cross section of
the tube to minimize a disturbance of the sound field. It is
possible within such a facility to vary the orientation of the
device under test so that the response for various angles of
incidence can be studied. For extremely small devices or
structures the plane wave tube is a valuable tool. When the
device or structure becomes comparable in size to the dimensions
of the cross section of the tube it is necessary to make addi-
tional measurements in the tube to determine whether or not
the device disturbs the sound field. Measurements can be made
with pressure sensitive microphones if the tube is excited at
single frequencies and the standing wave pattern is detesmined
with the device present in the facility. For random noise ex-
citation similar measurements can be made at the location of
the device with the use of a pressure gradient microphone as
described in this report in conjunction with measurements made
with a pressure sensitive microphone. The plane wave tube is
therefore a useful facility but it is recommended that addi-
tional measurements be made when devices or structures tested
within the facility become comparable in size to the cross
sectional dimensions of the tube.

The standing wave tube such as has been used in the present
program has been used primarily for the determination of the
linearity of pressure microphones. 1In selected instances where
extremely high sound pressures are desired, the standing wave
tube has been used for studies involving the response of struc-
tures. From the results of the present program it is evident
that the excitation of structures can be accomplished within a
standing wave tube. However, the maximum response is obtained
at the location of minimum rather than maximum sound pressure.
Such a facility can be useful in exploring a particular design
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when single frequencies are used. It is necessary that measure-
ments of pressure gradient or particle velocity should be made
at the location of the structure to determine that aspect of

the sound field which is related to motion.

The reverberation room has been used extensively for
acoustical testing since 1915.1 The use of a hard walled
room for observing the absorption of acoustical energy has
been valuable for the determination of characteristics of
acoustical materials. With relatively small amounts of acoustic-
al power input, high sound pressure levels and corresponding
enargy densities are created due to the fact that the sound
undergoes multiple reflection within the room. An example of
the levels obtained with relatively low electrical power input
is given by McAuliffe.ll Since numerous reverberation rooms
were available throughout the country for the purposes of
determining the absorption properties of acoustical materials,
it was possible to determine the suitability of these rooms
for high intensity noise testing. The majority of articles
relating to the design of reverberation rooms for high intensity
noise testing are concerned with the determination of the
uniformity of the sound pressure level as a function of fre-
quency. Numerous papers have been written concerning similar
problems when the objective is_to determine acoustical absorp-
tion. For example, Waterhousel? has written comprehensive

1OBenson, Robert W., "Efficiency and Power Rating of
Loudspeakers,” Proceedings of the National Electronics Confer-
ence, Hotel Sherman, Chicago, Illinois, October 3,4,5, 1955.

11McAuliffe, D. R., ™Design and Performance of a New Rever-
beration Room at Armour Research Foundation, Chicago, Ill.,™
J.A.S.A. 29, 1270-1273 (December 1957}).

12Waterhouse, Richard V., "Output of a Sound Source in a
Reverberation Chamber and Other Reflecting Environments,*
J.A.S.A., 30,4 (November 1964).
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papers concerning interference patterns in reverberant rooms.
By an examination of the sound pressure field it can be deter-
mined that certain interference effects take place at the
boundaries which cause an uneven distribution in sould pressure
level. Throughout the literature the reverberation room is
described as a structure in which a uniform and «diffuse sound
field is created. For example, Olynuk and Northwoodl3 indicate
that the *key hypothesis in reverberation theory is that the
sound field is diffuse and the room surface is therefore ex-
posed to an assembly of waves from all angles of incidence.™
The key assumption is that the sound field is diffuse. This
author, as well as others, attempts to describe the conditions
which result in a diffuse sound field. In the present review
of the literature it has been impossible to find a direct
measurement of diffusion within a reverberation room. Some

of the requirements are that the room's dimensions must be
large compared to a wave length and that the surfaces of the
room should be non-parallel. As an example of an attempt to
measure diffusion, Balachandranl4 uses the following criteria:
(1) An observation of the fluctuations in decay curves as ob-
tained in an empty room; (2) the variation in correlation co-
efficient with distance between two points in the room, and

(3) the absorption coefficient of a standard sample of material
for all room conditions and frequencies. Of the three criteria,
the determination of correlation coefficients results in the
most definitive measurement of the sound field.

The use of correlation methods for the study of sound
fields is effective when the sound field is either that of a
progressive wave or a diffuse field. Two points in space are

13Olynyk, D. and Northwood, T. D., "Comparison of Rever-
beration-Room and Impedance Tube Abosrption Measurements,™
J.A.S.A., 36, 2171 (November 1964).

14Balachandran, C. G., "Random Sound Field in Rever-
beration Chambers,™ The Journal of the Acoustical Society of
America, 31, 1319 (October 1959).
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selected for study for which the pressure variation versus

time is studied for various delay times introduced between

the two signals. For a progressive wave, there is a delay time
batween the two signals which results in perfect correlation.
For a diffuse field, there is no delay time which will estab-
lish a correlation for the two signals. For sound fields
which contain numerous sources but are neither diffuse nor
simple progressive waves, the correlation methods indicate that
some correlation exists, but does not indicate thes nature of
the sound field. These methods therefore have limited appli-
cation for the study of simulation facilities.

Currently, there is an American Standard15 being written
describing the use of reverberant rooms for high intensity
noise testing. This Standard describes current practices con-
cerning the shape and size of the reverberation room. The
present draft of the Standard indicates that a structure may
be tested within the room providing that the dimensions of the
structure are no more than one-half of the dimensions of the
room. Under such conditions it may be necessary to make
measurements of the sound field with the structure or a mechan-
ical equivalent of the structure in place. The required measure-
ments are made with a pressure sensitive microphone and with a
filter having a one-third octave bandwidth. At the present
time, instrumentation is not available which would further de-
fine the diffuse nature of the sound field. The effect of the
structure on the sound field is likely to be obscurred by the
fact that the modes of vibration have bandwidths which are
small compared to a one-third octave bandwidth and therefore,
the interaction between the structure and the sound field is
unlikely to be detected.

The fifth environment listed above is a compromise of the
reverberation room. A commercial unit is available describad
as a reverberation box. The reverberation box described by

15Fourth Draft of the Information Document, "High Intensity
A~oustic Testing of Equipment.®™ Writing Group S 2/1-W-43.
November, 1967.
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Hilliard!® is a small chamber with a hard surfaced interior con-
taining a number of loudspeaker driving units, The term
“"reverberation'" is used to describe the reflective nature of

the walls but is not to be confused with the reverberation

room where the objective is to provide a diffuse sound field.
Throughout most of the audio frequency range the dimensions of
the reverberant box are small compared to the wave length of
sound. A typical box available commercially has one dimension
which is only 18", A measurement of sound pressure within the
box indicates that high intensities can be achieved, however,
the impedance associated with the pressure is not defined.
Throughout most of the frequency range it must be assumed that
the pressure gradient is extremely small since the boundary con-
ditions require that the particle velocity vanish normal to wall
surfaces. The particle velocity and pressure gradient is ex-
pected to be 30 to 40 decibels below the pressure gradient which
would be found in either a progressive wave field or in a
diffuse sound field. TFor the boxes which are available com-
mercially it is expected that this condition will exist for
frequencies below 1000 cycles per second. Independent of any
measurements that might be made within such an enclosure, it

is expected that such a facility is of little value for acoustic
fatigue simulation. This type of unit has been used extensively
by various manufacturers for meeting the requirements of en-
vironmental specifications since the unit is available commer-
cially as a package unit.

The greatest difficulty in simulation of the actual noise
field of a jet or rocket engine comes for the lower frequency
range. The reverberation room is limited due to its finite
dimensions. For this reason a special low freguency chamber
was constructed at NASA Langley for the purposes of providing
a simulation of the sound field for the lower frequency range.
The dimensions of the enclosure are such that the wave length
of excitation is either greater than, or comparable to, the
dimensions of the enclosure. The boundary conditions require

164511iard, J. K. and Fiala, W. T., "High Intensity Sound
Reverberation Chamber and Loudspeaker Noise Generator,"™ J.A.S.A.,
31, 269 (March 1959).
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that the particle velocity normal to the surface of the en-
closure should vanish. The measurements of the performance of
this facility are again made with pressure sensitive micro-
phones for which it is demonstrated that the sound field is
uniform and the pressure levels obtained are comparable to

that under actual conditions. The pressure gradient and particle
velocity within the chamber are again of the order of 30 to 40
decibels less than would be encountered in either a progressive
wave field or a diffuse sound field. The response of structures
placed within the chamber is therefore expected to be of the
order of one one hundreth of the amplitude that would occur
under actual conditions. A measurement of the pressure grad-
ient or particle velocity within this facility would reveal
the actual expected response of various structures. A modi-
fication of the facility would be possible that would result
in a large increase in the pressure gradient. If, for example,
a second volume is coupled to the main volume of the facility
through a large size duct and the two volumes are made to
resonate with the mass of air in the connecting duct it would
be possible to create large amplitude particle velocities with-
in the duct. A pressure gradient would exist relative to the
two chambers due to the alternate storage of enexrgy in each of
the chambers. It would, of course, be necessary to provide
instrumentation which would be sensitive to the pressure grad-
ient in order to correlate results with the sound field.

Each of the several types of facilities that are currently
being used for simulation purposes have been discussed rela-
tive to the findings during this program which indicate that
the forcing function for a mechanical structure is the dif-
ferential sound pressure across the structure created by the
sound field. A major problem is encountered in determining
the suitability of these facilities for the simulation of high
intensity noise fields due to the fact that adequate measure-
ments of the actual sound field have not been made. Further-
more, the measurements of the actual sound field leaves some
question as to the exact type of sound field that is necessary
for various parts of the structure. With these restrictions
it is possible to indicate that the reverberant box is inade-
quate on the basis of design since it provides neither a pro-
gressive wave field nor a diffuse sound field. The low fre-
quency facility at Langley in its present configuration should
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produce misleading results. Modifications to this facility
appear possible where the configuration is changed to provide
an alternate storage of energy in two volumes. Such a con-
figuration would create pressure gradients which are comparable
to those encountered in actual practice.

The reverberation room is by far the most extensively
used facility. The results obtained in such a room have been
of much value with the major problem concerned with the defini-
tion of limitations for the lower frequencies. Gross errors in
producing a diffuse sound field are easily recognized but the
extent of the transition range between non-diffuse and diffuse
is difficult, if not impossible, with present instrumentation.

VI. RECOMMENDATIONS

The objective of the present program has been to deter-
mine those aspects of a sound field which produce motion of
a structure and thus contribute to sonic fatigue. All of the
measurements indicate that the forcing function for a structure
is the differential pressure. At the resonance frequencies
of a structure, the equivalent acoustic impedance is low and
the transfer of energy to the structure is not predicted from
a measurement of the pressure field. Since several types of
simulation facilities duplicate the pressure field without
a corresponding energy density, the behavior of the structure
placed within the facility varies from that which would occur
under actual field conditions.

The exact nature of the sound field and the degree to
which a simulation facility duplicates the actual sound field
are difficult to determine with present instrumentation. Al-
though correlation techniques are useful for specific types
of sound fields, the actual sound field cannot be described
in a manner which is of use in assessing simulation facilities.
It is necessary that instruments be developed which allow for
a definition of the sound field as a vector quantity, for which
the magnitude and direction of the energy flow is obtained.



BIBLIOGRAPHY

Balachandran, C. G., "™Random Sound Field in Reverberation
Chambers,"™ J. Acous. Soc. Am. 31, 1319 (1959).

Benson, Robert W., "Efficiency and Power Rating of Loudspeakers,"
Proceedings of NEC, Vol. XI, 1953.

Bolt, Richard H., "The Aircraft Noise Problem,"™ J. Acous.
Soc. Am. 25, 363 (1953)

Botsford, J. H., Lane, R. N,, and Watson, R. B., “A Rever-
beration Chamber with Polycylindrical Walls,*™ J. Acous.
Soc. Am. 24, 742 (1952).

Dyer, Ira, "Distribution of Sound Sources in a Jet Stream,™
J. Acous. Soc. Am., 31, 1016 (1959).

Gannon, W. J., von Gierke, H. E., Parrack, H. O., and
Hansen, R. G., "™The Noise Field of a Turbo-Jet Engine,®™
J. Acous. Soc. Am., 24, 169 (1952).

Hilliard, John K., and Fiala, Walter T., "Methods of Generating
High-Intensity Sound with Loudspeakers for Environmental
Testing of Electronic Components Subjected to Jet and
Missile Engine Noise,™ J. Acous. Soc. Am., 30, 533 (1958).

Kennard, D. C., Jr., "Sonic Vibration as Exemplified by the
RB-56B Airplane,™ J. Acous. Soc. Am., 30, 462 (1958).

Kirchman, E. J. and Greenspan, J. E., '"Nonlinear Response of
Ajrcraft Panels in Acoustic Noise,™ J. Acous. Soc. Am,,
29. 854 (1957).

Lassiter, L. W. and Hubbard, H. H., "Some Results of Experiments
Relating to the Generation of Noise in Jets,™ J. Acous.
Soc. Am., 27, 431 (1955).

Mayes, William H., "Some Near-and-Far-Field Noise Measurements
for Rocket Engines Operating at Different Nozzle Pressure
Engines,™ J. Acous. Soc. Am., 31, 1013 (1959).




McAuliffe, D. R., ™Design and Performance of a New Rever-
beration Room at Armour Research Foundation,"™ J. Acous.
Soc. Am., 29, 1270 (1957}).

Olynuk, D. and Northwood, T. D., “Comparison of Reverberation
Room and Impedance Tube Absorption Measurements,™ J.
Acous. Soc. Am., 36, 2171 (November 1964).

Pietrasanta, A. C., "Noise Measurements Around Some Jet Air-
crafts,™ J. Acous. Soc. Am., 28, 434 (1956).

Powell, Alan, "On the Fatigue Failure of Structures due to
Vibrations Excited by Random Pressure Fields,™ J. Acous.
Soc. Am., 30, 1130 (1958).

Smith, P. W., Jr. and Malme, C. I., "Fatigue Tests of a Reso-
nant Structure with Random Excitation,"™ J. Acous. Soc.
Am., 35, 43 (1963).

Taylor, Hawley O., "Tube Method of Measuring Sound Absorption,™
J. Acous. Soc. Am., 24, 701 (1952).

Waterhouse, Richard V and Berendt, Raymond D., "™Rever-
beration Chamber Study of the Sound Power Output of Sub-
sonic Air Jets,™ J. Acous. Soc. Am., 30, 114 (1958).

Waterhouse, Richard V., "Interference Patterns in Reverberant
Sound Fields,™ J. Acous. Soc. Am., 27, 247 (1955).

«, "Output of a Sound Source in a Rever-
beration Chamber and Other Reflecting Environments,™
J. Acous. Soc. Am., 30, 4 (1958).

Watters, B. G., ™Iransmission Loss of Some Masonry Walls,™
J. Acous. Soc. Am., 21, 898 (1959).

ARTICLES AND PHAMPLETS

Aircraft Noise Symposium, San Diego Meeting of the Acoustical
Society of America, November 1952.

Fourth Draft of the Information Document, ™High Intensity
Acoustic Testing of Equipment,™ Writing Group S2/1
W-43, November 1957.



